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 Short title: Brain size and body height correlation 
Abstract 
The question whether body height is related to different brain size measures has recently 
gained renewed interest as some studies have reported that body height correlates with 
intelligence and several brain size measures. In this study, we re-evaluated this question by 
examining the relationship between body height and different brain size measures including 
intracranial volume, total brain volume, total cortical surface area, total cortical volume, 
volume of normal appearing white matter, white matter hyperintensity, cortical surface area, 
cortical thickness, subcortical gray matter volume, cerebellar cortex and cerebellar white 
matter in a relatively large sample (n=216) of physically and cognitively healthy elderly 
subjects (mean age 71 years, age range 65-85 years). We identified small correlations (r = 
0.11 - 0.19) between body height and seven out of ten brain metrics (total brain volume, 
cortical surface area, cortical volume, subcortical volume, normal appearing white matter 
volume, and cerebellar gray as well as white matter volumes) when controlling for sex and 
age. Based on these small relationships between body height and various brain size measures, 
we discuss the possible reasons and theoretical problems for these small relationships. 
 
Keywords Body height, intracranial volume, total brain volume, cortical volume, cortical 
thickness, cortical surface area, subcortical gray matter, normal appearing cerebral white 
matter, cerebellar white matter, cerebellum cortex, white matter hyperintensity. 
 
Introduction 
The general question of how body parameters such as body size and body weight vary with 
brain size measures has occupied researchers for some time. While there is ample evidence 
that brain size varies with body size when using specimen from different taxonomic orders 
(Jerison, 1979; Roth & Dicke, 2005), it is currently unclear whether such a relationship exists 
in humans. Several studies have been conducted in the past using adult human postmortem 
brains examining brain size/weight and body height relationships. Some studies fail to detect 
significant correlations whereas others observe significant but relatively weak associations 
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Passingham, 1979; Ho et al., 1980; Holloway, 1980; Skullerud, 1985; Garby et al., 1993; 
Hartmann et al., 1994; Chirachariyavej et al., 2006; Witelson et al., 2006; Heymsfield et al., 
2007). However, the most categorical account from these studies has been provided by Haug 
(1984), declaring that an increase of 10 cm in body length would be associated with an 
increase of 60 g in brain weight. A similar account has been made by Spann and Durstmann 
(1965), who suggested that each 10-cm body height is related to 83 g of brain weight in males 
and 80 g in females. Using the post-mortem dataset from Pakkenberg and Voigt, Jerison 
(1979) and Passingham (1979) came to contrasting conclusions, likely because they used 
different age-cut-off points for subject selection. Using a wider age range (18–45 years), 
Passingham reported significant correlations, while Jerison noted no significant correlation 
when using a narrower age range (27–42 years). There are also data available using cranial 
volume estimates based on the determinations of cranial measures (NASA Reference 
Publication, 1978 cited from Peters et al. 1998; Jurgens et al., 1990). In these studies, body 
height and cranial volume correlations are considerably large, ranging from r = .67 to r = .91.  
 
There are only a few published MRI studies examining brain size and body height 
relationships. These studies also report heterogeneous results (Willerman et al., 1991; 
Wickett et al., 1994; Raz et al., 1997; Peters et al., 1998; Nopoulos et al., 2000; Koh et al., 
2005; Heymsfield et al., 2009; Taki et al., 2012; Vuoksimaa et al., 2018). The strongest 
correlation has been reported by Koh and colleagues (2005) on the basis of a 60 young 
Korean subjects (mean age 21 years). They report an r = 0.57 for the total sample including 
men and women. The correlations calculated separately for both sexes are a bit smaller 
(females: r = 0.47; males: r = 0.37) but nevertheless significant. Nopoulos and colleagues 
(2000) report a strong and significant correlation only for women (r = 0.43) but not for men (r 
= 0.02). In the study by Peters et al. (1998) there were also slightly larger (but non-
significant) correlations for women (r = 0.33 in sample S and r = 0.21 in the first sample) 
while the correlations for men were negligible (r = 0.004 and r = 0.05). The work of Taki and 
colleagues (Taki et al., 2012) investigated local volume instead of global volume as done in 
the above-mentioned MRI studies. These authors have calculated the relationship between 
body height and brain size within a VBM analysis to identify grey matter volume changes in 
specific brain regions related to body height. In this context, they found significant 
correlations between the volume of grey matter in the left temporoparietal region, the right 
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which we transformed into correlations in order to compare them with the studies presented 
above. These correlations range between r = 0.31 (for the left temporoparietal region) and r = 
0.44 (for the left cerebellum). 
The relationship between body height and brain size has recently received renewed interest, 
mainly due to the uncovered positive correlation between general cognitive ability (GCA) 
and body height (Silventoinen et al., 2012; Taki et al., 2012; Keller et al., 2013; Marioni et 
al., 2014; Adams et al., 2016; Vuoksimaa et al., 2018). This association has been reported for 
preterm infants (Sammallahti et al., 2014), in the context of aging (Russ et al., 2014), and for 
a large sample spanning a wide age range (Vuoksimaa et al., 2018). Moreover, the study by 
Vuoksimaa et al. demonstrated that the positive association between body height and 
cognitive ability is mediated by brain size. 
Body height is highly heritable but is also considered to reflect early life events and is often 
regarded as a proxy for early brain development. The above-mentioned most recent studies 
reported brain size and body height relationships ranging between r = 0.1 - 0.3 depending on 
the age range of the study sample and the applied brain size measure. Most of these studies 
have used total cortical volume or brain volume as a brain measure. Only one study 
(Vuoksimaa et al., 2018) has simultaneously used total cortical volume and cortical surface 
area and uncovered moderate brain size and body height relationships (cortical surface area: r 
= 0.238; cortical volume: r = 0.235). To the best of our knowledge, there is no published 
study available which has used a greater variety of brain measures (e.g., cortical thickness, 
cortical surface area, intracranial volume, subcortical volume, normal appearing cerebral 
white matter, cerebellum gray matter, and cerebellum white matter) to shed light on the 
differential associations with body height. We hypothesize that the different brain measures 
are differently related to body height.  
The present study was therefore designed to examine body height and brain size relationships 
using a relatively larger set of different brain measures including total intracranial volume, 
different cortical (cortical thickness, cortical surface area, cortical grey matter volume, 
cerebral white matter volume), cerebellar (cerebellar white and gray matter volumes), and 
subcortical measures. Data came from a large sample of healthy older adults (n = 216) (mean 
age = 71 years). Since this data set comes from a larger longitudinal project and comprises 
well-educated and healthy subjects, we are explicitly interested to examine whether the 
reported body height brain size relationships are similar or different compared to previous 
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Assuming that cortical measures (e.g., cortical volume, surface area, and thickness) are more 
strongly influenced by use-dependent factors (such as education, skill practice, and diet) 
(Münte et al., 2002; Pascual-Leone et al., 2005; Jäncke, 2009), the association with body 
height should be weaker as compared to subcortical volumes. Because intracranial volume is 
largely independent of use-dependent influences, it is thought to be the most stable brain 
measure. More specifically, our hypothesis was that intracranial volume would be most 
strongly related to body height. Owing to the fact that cortical surface area and cortical 
volume (Luders et al., 2009; Vuoksimaa et al., 2018) is most strongly related to general 
cognitive ability, we hypothesize that cortical surface area is less stable and will thus only be 




Data were taken from the Longitudinal Healthy Aging Brain (LHAB) database – an ongoing 
project conducted at the University Research Priority Program ‘Dynamics of Healthy Aging’ 
of the University of Zurich (Zöllig et al., 2011). We used data from the LHAB baseline 
assessment which took place between 2011 and 2013. The baseline dataset included 232 
subjects (M age = 70.84; 50.43% female). At each LHAB measurement occasion, the 
subjects completed an extensive battery of neuropsychological and psychometric cognitive 
and sensorimotor tests and underwent brain imaging. Eligibility criteria for study 
participation were age ≥ 64, a score of ≥ 26 on the Mini Mental State Examination (MMSE; 
Folstein et al., 1975), right-handedness (as confirmed by the Annett Handedness 
Questionnaire (Annett, 1970)), German language proficiency, and no self-report of any 
neurological or psychiatric disease or other contraindications to MRI. The study was 
approved by the ethical committee of the canton of Zurich. Participation was voluntary and 
all subjects gave written informed consent in accordance with the declaration of Helsinki. 
The data of this sample has been used in previous publications of our group (Madhyastha et 
al., 2014; Hirsiger et al., 2015; Jäncke et al., 2015; Valizadeh et al., 2017, 2018). 
For 216 subjects of the LHAB baseline sample self-reported body height was available 
(female: n=109; male: n = 107). This subsample was used for the subsequent statistical 
analysis. From these subjects, information about duration of education (in years) was 
available for 195 subjects. All subjects were well educated and have spent on average 
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measured with a standard German intelligence test (Leistungsprüfsystem: LPS), which is 
based on Thurstone’s intelligence model. Here we used the version for subjects older than 50 
years up to 90 years (Sturm et al., 1993). The split-half reliability of this test ranges between r 
= .89 and r = .97 depending on the particular subtest. The detailed data for age, body height, 
years of education, and IQ are shown in Table 1.  
Image Acquisition 
MRI data were acquired with a 3.0T Philips Ingenia scanner (Philips Medical Systems, Best, 
The Netherlands). We have described the image acquisition procedure in several of our recent 
papers, thus we partly reiterate what we have mentioned in these papers (Madhyastha et al., 
2014; Hirsiger et al., 2015; Jäncke et al., 2015; Valizadeh et al., 2018). T1-weighted images 
were recorded with a gradient echo sequence (3D turbo field echo, 160 sagittal slices, slice 
thickness=1mm, in-plane resolution=1×1mm, FOV=240×240mm, repetition time=8.18 ms, 
echo time=3.80 ms, flip angle=8°). FreeSurfer (v5.3) was used to obtain measurements of 
cortical and subcortical anatomy (Fischl et al., 2002; Fischl, Salat, et al., 2004; Fischl, van 
der Kouwe, et al., 2004; Destrieux et al., 2010). All MRI measurements have been subjected 
to precise quality control before statistical analysis. After completing the standard recon-all 
pipeline, measurements for cortical thickness, surface area, and volume were extracted for the 
regions of the Destrieux (aparc.a2009s) parcellation scheme (Destrieux et al., 2010). 
Subcortical and global volume measurements were also extracted from FreeSurfer’s aseg 
segmentation. This procedure revealed the following anatomical measures:  
(1) Intracranial volume (ICV). 
(2) Total brain volume without ventricles, CSF, and choroid plexus (BV). 
(3) Mean cortical thickness (CT).  
(4) Total cortical surface area (CSA).  
(5) Total cortical grey matter volume (CortexVol), which is the volume inside the pial surface 
minus the volume inside the white surface minus tissue inside the ribbon that is not part of 
cortex (eg, hippocampus).  
(6) Total subcortical gray matter volume (SubCorticalGrayVol) includes thalamus, caudate, 
putamen, pallidum, hippocampus, amygdala, accumbens, ventral DC, substantia nigra (if 
there).  
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the white surface minus anything that is not WM. It does not include cerebellar white matter 
or brainstem. The volume of the white matter hyperintensities (WMH) are subtracted from 
the cerebral white matter count. 
(8) Total volume of white matter hyperintensities (WMH). 
(9) Total cerebellar gray matter volume (CBGM). 
(10) Total cerebellar white matter volume (CBWM). 
We have chosen to work with these brain metrics because they scale differently to brain size 
(Jäncke et al., 2019).  
Statistical analysis 
We conducted several steps for statistical analysis:  
(1) Calculation of means and standard deviations for each brain measure broken down for 
sex.  
(2) Calculation of intercorrelations and factor analysis between the different brain metrics. 
(3) Multiple regressions with body height (BH), Sex, the interaction between BH and Sex 
(Sex:BH), BH and Age (BH:Age), and Age and Sex (Age:Sex) as independent variables 
separately for  each brain metric. We excluded the threefold interaction between BH, Sex, 
and Age because these interactions are difficult to interpret and the relaimpo software 
(described below) cannot process threefold interactions. 
(4) In order to estimate the relative importance of each predictor in explaining the variability 
of the particular brain metrics, we used the relaimpo package provided in the context of the R 
software (R Core Team, 2013). Here we used the lmg metric providing a decomposition of 
the model explained variance into non-negative contributions of each predictor. While the 
assessment of relative importance in linear models is simple, as long as all regressors are 
uncorrelated, it becomes more problematic as the predictors are correlated (as in our case), so 
that it is no longer straightforward to break down the R2 values into shares from the 
individual regressors. The here used lmg metric is a valid estimator, which has been proposed 
for such cases (Grömping, 2006).  
(5) Based on the results of the afore-mentioned regressions, a series of linear correlations 
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(6) For graphic description, scatterplots between BH (corrected for Age and Sex) are plotted. 
Using a relatively large sample as in our study, even small effects (correlations) could 
become significant. We therefore used r2, r, and Cohen’s d values as indicators of effect sizes. 
These effect sizes were evaluated according to Cohen’s suggestion (Cohen, 1992) (for r 
values: small: r = 0.1 - 0.3; medium: r > 0.3 - 0.5; large: r > 0.5; for r2 values: small: r2 = 0.01 
- 0.09 [1-9%]; medium: r2 > 0.09 - 0.25 [9-25%]; large: r2 > 0.25 [>25%]; for Cohen’s d: 
small: d = 0.2-0.5; medium: d = 0.5-0.8; large: d>0.8). In addition, exact p values are reported 
since p values can also be used as effect size measures (Krauth, 1988). The results of our 
analyses are not interpreted in terms of statistical significance. The p-value is defined as the 
lowest significance level at which one would still have obtained a significant result for a 
given data set, a given significance test, and a given test problem. This has the advantage that 
other researchers can decide for themselves whether the results are significant at the 
significance level they find acceptable. All statistical analyses were conducted with routines 
from the R software (R Core Team, 2013) on a MacBook Pro. We will focus mainly on 
results associated with small and/or medium effect sizes. 
Results 
Table 1 demonstrates the descriptive data for our sample. Age is similar for both sexes, while 
body height, years of education, and IQ substantially differ between both sexes. As expected, 
women are substantially smaller than men (mean body height ± s.d.; women = 164.7 cm ± 5.9 
cm; men: 175.9 cm ± 6 cm; d = 1.89). Men demonstrate on average more years of formal 
education (women = 13.4 years ± 3 years; men:  15.8 years ± 3.8 years; d = 0.67). In addition, 
men performed moderately superior in the IQ test (women = 119.7 ± 5.9; men: 122 ± 7.3; d = 
0.48). The slightly higher IQ in men could possibly be due to the longer education in men 
which might have increased the IQ. In fact, the correlation between IQ and years of education 
is moderately high (r = 0.234; CI95%: 0.096 - 0.364; p = 0.001064). 
Table 2 shows the means and standard deviations for the brain metrics broken down for sex. 
These measures are roughly similar to those reported in previous studies on subjects from the 
same age range (Jäncke et al., 2015). For most brain metrics men demonstrate larger values 
except for CT and WMH. The sex differences for CerebellumWhiteMatter volume was of 
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Table 3 shows the intercorrelations between the different brain metrics. For these brain 
metrics a factor analysis with subsequent varimax rotation was performed revealing six 
independent factors explaining 96.1 of the variance. The results of this factor analysis are 
demonstrated in Table 4. Factor 1 explaining 44.1% of the variance represents most of the 
brain metrics (BV, CSA, SubCortGrayVol, and NAWM). Factors 2-6 representing one brain 
metrics each (factor 2: CerebellumWhiteMatter, factor 3: CT; factor 4: WMH; factor 5: ICV, 
factor 6: CerebellumCortex). 
 
In Table 5 the results of the multiple regression analyses with the brain metrics as dependent 
variables and BH, Sex, Age, Sex:Age, BH:Sex., and BH:Age are summarized. Shown are the 
percentages of explained variances for all independent variables as provided by the relaimpo 
and the lmg procedures. As can be seen from this Table, Sex, Age, and BH explain most of 
the variance in nearly all brain metrics. The interactions (Sex:Age, BH:Age, and BH:Sex) 
explain less than 1% of the variance and thus are deemed as unimportant for the further 
analysis. Subsequently performed bootstrap analysis revealed that Sex explained most of the 
variance for nearly all brain metrics (ICV, BV, CSA, CortexVol, SubCortGrayVol, and 
NAWM). The effect sizes in terms of explained variance (r2 * 100) are of medium size for the 
above-mentioned brain metrics. Age is most important for CT (11.9% of explained variance) 
and WMH (15.5% of explained variance) with medium effect sizes. Small Age influences are 
found for ICV and CSA. Moderately strong influences of BH are found for BV, CSA, 
CortexVol, and NAWM. Small BH influences are found for ICV and SubCortGrayVol. BH 
exerted no influence on CT and WMH. 
 
Based on results of the above-mentioned regression analysis all brain metrics were linearly 
corrected for Age and Sex. With these corrected brain metrics, Pearson correlations were 
computed with BH. The results of the correlations with BH are shown in Table 6. As can be 
seen in Table 6, there are several small correlations (r = 0.1-0.3) between BH and some brain 
metrics (BV, CSA, CortexVol, SubCortGrayVol, NAWM, CerebellumCortex, and 
CerebellumWhiteMatter). The largest correlations were found for BV (r=0.19, CI95%: 0.06 – 
0.31) and CortexVol (r=0.19, CI95%: 0.06 – 0.31). The scatterplots between BH and the brain 
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Because body height has repeatedly been related to general cognitive ability, we also 
computed correlations between psychometric intelligence and body height (corrected for Sex 
and Age) revealing practically no correlation (r = -0.007, CI95%: -0.14 – 0.12, df: 209, p = 
0.9151).  
For the sake of completeness, we checked whether there are also non-linear relationships 
between BH and the brain measures. However, we did not find any non-linear relationship 
either by visual inspection or by including non-linear terms to the multiple regressions. 
Discussion 
The goal of this paper was to examine the relationship between body height and brain 
anatomical measures in a relatively large group of healthy older subjects. This question has 
recently come back into focus because several studies have reported a moderate body height 
to brain size relationship in preterm children (Sammallahti et al., 2014), in the context of 
aging (Russ et al., 2014), and in large samples of mostly younger subjects (Posthuma et al., 
2000; Vuoksimaa et al., 2018). Furthermore, this relationship has been associated with 
cognitive ability, in a way that brain size mediates the association between body height and 
cognitive ability (Vuoksimaa et al., 2018). 
In our study, we identified small relationships between several brain size metrics (BV, CSA, 
CortexVol, SubCortVol, NAWM, CerebellumCortex, and CerbellumWhiteMatter) and body 
height. These correlations ranged between r=0.11 to r = 0.19 and are small according to the 
effect size categorization proposed by Cohen (1992). Thus, body height only accounts for 
approximately 1-4% of the entire variance of these brain metrics. These brain size and body 
height relationships are smaller than those reported in most of the previously published 
papers using different samples and brain measures (Willerman et al., 1991; Wickett et al., 
1994; Raz et al., 1997; Peters et al., 1998; Nopoulos et al., 2000; Posthuma et al., 2000; Koh 
et al., 2005; Heymsfield et al., 2009; Taki et al., 2012; Vuoksimaa et al., 2018). 
The brain size body height relationships we identified in our sample are close to those 
reported by Vuoksimaa and colleagues (2018) and Posthuma and colleagues (2000). 
Vuoksimaa et al. calculated correlations between body height and cortical volume and 
cortical surface area in a large (n=534) middle-aged (51-60 years old) sample of men from 
the Vietnam Era Twin Registry containing 131 monozygotic (MZ) and 96 dizygotic (DZ) 
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freesurfer procedure as we have applied in our study. They identified slightly larger 
correlations than we have identified in our study (body height with cortical volume: rVuoksimaa 
= 0.235,  rpresent study = 0.19;  body height with cortical surface area: rVuoksimaa = 0.238,  rpresent 
study = 0.16). Possible reasons for these differences are difficult to identify. Whether 
differences in terms of ethnicity, age range, IQ, or the fact that twins have been studied could 
account for the slightly higher correlations, are currently more or less speculative. An older 
study by Posthuma et al. (2000) calculated correlations between body height and intracranial 
volume as well as cerebellar volume in 256 younger subjects (mean age approximately 30 
years). Most of these subjects are either MZ or DZ twins from the Netherlands Twin 
Registry. The brain metrics used in this study were estimated on the basis of a semi-automatic 
in-house procedure, for which it is unclear whether this procedure results in the same 
intracranial and cerebellar volume estimates as the freesurfer protocol we and Vuoksimaa and 
colleagues (2018) have used. However, the reported correlations are partly similar to those 
we have obtained in our study for similar brain metrics. For their intracranial volume 
measurement they obtained small (but significant) correlations (men: r=0.194; women: 
r=0.229). In our study, we did not find even a small correlation between body height and 
intracranial volume (r=-0.06). The correlations between body height and cerebellar volume 
(men: r=0.280; women: r=0.194) are more similar to ours (CerebellumCortex: r=0.15; 
CerbellumWhiteMatter: r=0.11) although numerically smaller. Similarly, as for the findings 
from Vuoksimaa and colleagues (2018) it is difficult to explain the differences between the 
correlations from our and their study. Methodological differences in estimating the brain 
metrics are most likely not responsible since both studies have used the same methods for 
measuring the brain compartments. However, the differences of the used samples are quite 
drastic in terms of age and IQ. In terms of IQ the subjects of the Zurich sample demonstrate 
above average IQ scores. Whether this might be responsible for the between-study 
differences is difficult to explain. In addition, the Zurich sample comprises older subjects 
while the sample of Posthuma et al. (2000) comprises much younger subjects with a mean 
age of approximately 30 years. Thus, it might be that some age-related brain changes have 
occurred in the subjects of our sample. However, the intracranial volume should be stable 
across the entire life span. Thus, aging could not account entirely for the apparent differences. 
However, despite the different correlation for body height and ICV, the correlations for 
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Most of the brain metrics we have used in our study load on one factor (BV, CSA, 
CortexVol, SubCortGrayVol, and NAWM). For these brain metrics small correlations with 
body height were obtained (r=0.11-0.19). For CerebellumCortex (loading on factor 6) and 
CerbellumWhiteMatter (loading on factor 2) there were also small correlations with body 
height (r=0.11-0.15). The other brain metrics were either not related to body height (ICV 
loading on factor 5; WMH loading on factor 4) or did not pass the threshold of a “small” 
effect (r=0.1) (CT loading on factor 3, r=0.09). Thus, the relationship to body height is not 
similar for all brain regions. This result partly conforms with the results of the study by Taki 
and colleagues (2012) who reported regional specific correlations with body height in the 
context of a VBM analysis with moderate correlations (r=0.31-0.44) between body height and 
grey matter volumes in the left temporoparietal region, the right prefrontal cortex and the left 
cerebellum. This comes as no surprise since it is meanwhile known that the different brain 
compartments scale differently to brain size (Jäncke et al., 1997, 2019; Lüders et al., 2002; 
Reardon et al., 2018). Although the correlations between total brain volume and the volumes 
of different brain compartments (e.g., NAWM, SubCortGrayVol) are strongly related with 
each other, they scale differently to total brain size. For example, cerebral WM and the 
accumbens volumes scaled out of proportion with total brain volume, whereas most other 
brain compartment measures scaled less than proportional to brain size. Thus, larger brains 
exhibit relatively larger cerebral NAWM volumes than do smaller brains. Cortical gray 
matter (and most other brain compartmental measures), on the other hand, relatively 
decreases as total brain volume increases.  
Although body size and brain size are strongly influenced by genetic factors (Widdowson, 
1951; Paigen et al., 1987; Posthuma et al., 2000; Lai, 2006; Sudfeld, McCoy, Danaei, et al., 
2015; Sudfeld, McCoy, Fink, et al., 2015; Lukies et al., 2017), they differ in several respects, 
which most likely mitigate brain size and body height correlations. First of all, the lifespan 
trajectories of both measures are different. Brain size changes are roughly following an 
inverted U-shaped function with a strong increase of brain volume during the first 18 years of 
life followed by a relatively stable phase until the age of 60 (for most brain measures, some 
are changing even a bit earlier), after which brain size decreases (Hedman et al., 2012; 
Ziegler et al., 2012; Valizadeh et al., 2017). Body height, on the other hand, is more or less 
stable during adulthood. Thus, it is unlikely that the relationship between body height and 
brain size measures are stable over the entirely life span. Secondly, the individual aging 
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dementia, for example, may impact on the brain measures and may lead to earlier or 
accelerated decline although cognition is still normal (Costafreda et al., 2011; Gaser et al., 
2013). Stress or unfavorable genetic configurations (e.g., genes coding pathologies like 
Huntington's disease or Down syndrome) may be other factors in determining brain structural 
decline (Mattson et al., 2002; Bhatt et al., 2018; Miskolczi et al., 2018). Most importantly, 
however, is the possibility that the usage and non-usage of specific psychological and motor 
functions have an influence on brain size. Many previous studies have shown that specific 
brain parts are considerably influenced by practice and non-use (Münte et al., 2002; Jäncke, 
2009; Voelcker-Rehage et al., 2010; Erickson et al., 2011; Zatorre et al., 2012; Voss et al., 
2013; Oltmanns et al., 2017). Taken together, there are more sources of variance for the brain 
size metrics obtained in adulthood and during aging than for body height, possibly mitigating 
brain size and body height correlations. 
In sum, our findings do not support the existence of a strong or even moderate relationship 
between body height and brain size (and other brain metrics). We identified rather small 
relationships between some of our brain metrics and body height. This result has considerable 
consequences for all neuroanatomical studies in which body height is taken into account. If 
there is not a strong relationship between body height and brain size, the former is not an 
appropriate variable for the normalization of brain metrics in order to control for sex 
differences. Intracranial volume or total brain volume may be the more appropriate control 
measures (e.g., Jäncke et al., 2015). More importantly is, however, that the body size and 
brain size relationship is far from being understood. As mentioned in our earlier paper 20 
years ago (Peters et al., 1998), there are still “unsolved problems in comparing brain sizes in 
Homo sapiens”. If body height and brain size correlations are calculated using heterogeneous 
samples in terms of ethnicity, sex, health status or age, then these correlations may well be 
moderate. However, for homogeneous samples (for example, if these correlations are 
calculated only within one ethnic or one sex group), the correlations usually remain weak and 
insignificant. Currently, we do not know how ethnicity and sex are genetically coded to 
induce different body heights and brain sizes. For example, Yemenitic bodies (which have 
been identified as those ethnic groups with the smallest body height) are not simply scaled-
down versions of the bodies of the Dutch (who have been identified as those ethnic groups 
with the largest body height) (NCD Risk Factor Collaboration (NCD-RisC), 2016). The same 
pertains for brain size measures for which we cannot assume that smaller brains are simply 
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small brains differ not only in brain size but also in other anatomical (e.g., connectivity, white 
matter volume, or corpus callosum size) (Ringo et al., 1994; Jäncke et al., 1997, 2019; 
Lüders et al., 2002; Luders et al., 2004, 2005, 2006; Hänggi et al., 2014; Kurth et al., 2017) 
and functional features (Jäncke & Steinmetz, 1998). 
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Figure caption 
 
Figure 1: Scatterplots for body height and the 10 brain metrics. The brain metrics are 
corrected for Age and Sex. For more convenient annotation of some brain metrics we have 
introduced shorter acronyms than in the main text (SBCOGM: SubCortGrayVol; CBGM: 




Table 1: Means and standard deviations for Age (in years), body height (BH; in cm), 
education in years (Years of education), and IQ for the subjects broken down for sex. In 
addition, results of t-tests (Welch Two Sample t-test) comparing men and women with the t-
statistic, degrees of freedom, exact p-values, and Cohen’s d are shown.   
Table 2: Means and standard deviations for all brain metrics broken down for sex. Volumes 
(ICV, BV, CortexVol, SubCortGrayVol, NAWM, WMH, CerebellumWhiteMatter, 
CerebellumCortex) are shown in cm3, CT in mm, and CSA in cm2. In addition, results of t-
tests (Welch Two Sample t-test) comparing men and women with the t-statistic, degrees of 
freedom (df) , exact p-values, and Cohen’s d are shown.  
Table 3: Correlations between the different brain metrics. For more convenient annotation of 
some brain metrics we have introduced shorter acronyms than in the main text (SBCOGM: 
SubCortGrayVol; CBGM: CerebellumCortex; CBWM: CerebellumWhiteMatter). 
Table 4: Results of the factor analysis indicated as loadings of the brain metrics. RC1-RC6 
are the rotated factors ordered according to the explained variance. Strong loadings (>0.8) are 
indicated in bold letters. 
Table 5: Summary of the multiple regression analysis with Sex, BH, Age, and the 
interactions between Sex x Age, BH x Sex, and BH x Age. The influence of each 
independent variable is indicated as percent of explained variance (R2 * 100). These variance 
estimates are derived from the lmg based estimation of the relative contribution of each 
predictor. Variance estimates between 1-9% are classified as small effects while variance 
estimates between 9-25% are considered as medium size effects. Indicated are also the 
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Table 6: Pearson correlations between BH and the different brain metrics. The brain metrics 
are corrected for Age and Sex. Indicated are the correlation estimates (r), the associated p-
values, and the 95% confidence intervals for the correlation estimates. “Small” correlations 
according to Cohen’s effect size categorization (r = 0.1 - 0.3) are indicated in bold. Indicated 
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Tables 
 
Table 1: Means and standard deviations for Age (in years), body height (BH; in cm), 
education in years (Years of education), and IQ for the subjects broken down for sex. In 
addition, results of t-tests (Welch Two Sample t-test) comparing men and women with the t-
statistic, degrees of freedom, exact p-values, and Cohen’s d are shown.   
 
 Women  Men      
  Mean Sd Mean Sd t df p d 
Age 70.5 5.1 71.0 5.2 -0.65 213.9 0.51579 0.09 
BH 164.7 5.9 175.9 6.0 -13.88 214.0 1.136879e-31 1.89 
Years of education 13.4 3.0 15.8 3.8 -4.93 191.2 1.743360e-06 0.67 
IQ 119.7 5.9 122.0 7.3 -3.49 190.7 0.00059 0.48 
 
1: IQ could be slightly overestimated since the subjects mostly fall exactly in the age range between two age 
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Table 2: Means and standard deviations for all brain metrics broken down for sex. Volumes 
(ICV, BV, CortexVol, SubCortGrayVol, NAWM, WMH, CerebellumWhiteMatter, 
CerebellumCortex) are shown in cm3, CT in mm, and CSA in cm2. In addition, results of t-
tests (Welch Two Sample t-test) comparing men and women with the t-statistic, degrees of 




 Men      
  m sd m sd t df p d 
ICV 1336.6 196.9 1586.4 201.3 -9.22 214.0 2.883902e-17 1.25 
BV 981.8 76.8 1088.8 90.4 -9.38 209.7 1.115562e-17 1.28 
CSA 1345.4 98.9 1481.5 111.3 -9.50 211.9 4.543555e-18 1.29 
CT 2.3 0.1 2.3 0.1 1.04 214.0 0.30131 0.14 
CortexVol 404.2 32.0 444.3 32.8 -9.09 214.0 6.788876e-17 1.24 
SubCortGrayVol 51.1 4.0 55.8 4.1 -8.55 213.9 2.310621e-15 1.16 
NAWM 402.5 41.7 452.4 52.6 -7.72 205.0 4.930521e-13 1.05 
WMH 3.6 5.1 3.3 3.1 0.61 174.7 0.54230 0.08 
CerebellumWhiteMatter 26.5 3.5 27.8 4.1 -2.50 210.6 0.01316 0.34 
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Table 3: Correlations between the different brain metrics. For more convenient annotation of 
some brain metrics we have introduced shorter acronyms than in the main text (SBCOGM: 
SubCortGrayVol; CBGM: CerebellumCortex; CBWM: CerebellumWhiteMatter). 
 
Brain metric BV CSA CT CortexVol SBCOGM NAWM WMH CBWM CBGM 
ICV 0.62 0.63 -0.12 0.59 0.57 0.52 0.26 0.30 0.51 
BV  0.93 0.15 0.91 0.87 0.95 -0.08 0.59 0.71 
CSA   -0.06 0.90 0.78 0.86 -0.03 0.44 0.59 
CT    0.33 0.16 0.01 -0.25 0.10 0.16 
CortexVol     0.78 0.76 -0.09 0.41 0.63 
SBCOGM      0.80 -0.02 0.54 0.65 
NAWM       -0.15 0.57 0.58 
WMH        -0.06 -0.08 
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Table 4: Results of the factor analysis indicated as loadings of the brain metrics. RC1-RC6 
are the rotated factors ordered according to the explained variance. Strong loadings (>0.8) are 
indicated in bold letters. 
 
  RC1 RC4 RC3 RC2 RC6 RC5 
Explained Variance 44.10 11.50 11.30 10.40 9.40 9.40 
ICV 0.45 0.08 -0.09 0.18 0.85 0.17 
BV 0.91 0.26 0.08 -0.04 0.19 0.23 
CSA 0.93 0.08 -0.11 -0.01 0.22 0.15 
CT 0.06 0.04 0.98 -0.12 -0.06 0.05 
CortexVol 0.87 0.04 0.30 -0.03 0.25 0.20 
SubCortGrayVol 0.81 0.26 0.12 0.06 0.15 0.24 
NAWM 0.89 0.31 -0.08 -0.13 0.10 0.09 
WMH -0.06 -0.02 -0.12 0.98 0.11 -0.02 
CerebellumWhiteM
atter 
0.33 0.91 0.04 -0.02 0.06 0.20 
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Table 5: Summary of the multiple regression analysis with Sex, BH, Age, and the 
interactions between Sex x Age, BH x Sex, and BH x Age. The influence of each 
independent variable is indicated as percent of explained variance (R2 * 100). These variance 
estimates are derived from the lmg based estimation of the relative contribution of each 
predictor. Variance estimates between 1-9% are classified as small effects while variance 
estimates between 9-25% are considered as medium size effects. Indicated are also the 
rotated factors on which the particular brain metrics loads. 
 
  BH Sex Age Sex:Age BH:Sex BH:Age 
ICV (RC5) 5.62 22.26 4.62 0.11 0.39 0.63 
BV  (RC1) 12.44 19.45 9.26 0.12 0.23 0.02 
CSA (RC1) 11.49 20.21 5.69 0.03 0.46 0.02 
CT (RC3) 0.22 0.60 11.89 0.17 0.40 0.49 
CortexVol (RC1) 12.42 18.41 8.58 0.16 0.08 0.18 
SubCortGrayVol (RC1) 8.76 18.13 7.93 0.44 0.30 0.12 
NAWM (RC1) 9.45 14.58 9.96 0.41 0.41 0.07 
WMH (RC4) 0.48 0.14 15.47 0.40 0.84 0.24 
CerebellumCortex (RC6) 10.71 18.33 4.12 0.25 0.04 0.09 
CerebellumWhiteMatter 
(RC2) 
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Table 6: Pearson correlations between BH and the different brain metrics. The brain metrics 
are corrected for Age and Sex. Indicated are the correlation estimates (r), the associated p-
values, and the 95% confidence intervals for the correlation estimates. “Small” correlations 
according to Cohen’s effect size categorization (r = 0.1 - 0.3) are indicated in bold. Indicated 
are also the rotated factors on which the particular brain metrics loads. 
 
  r p ci2.5% ci97.5% 
ICV (RC5) -0.06 0.3616 -0.19 0.07 
BV  (RC1) 0.19 0.0056 0.06 0.31 
CSA (RC1) 0.16 0.0210 0.02 0.28 
CT (RC3) 0.09 0.1890 -0.04 0.22 
CortexVol (RC1) 0.19 0.0041 0.06 0.32 
SubCortGrayVol (RC1) 0.11 0.1033 -0.02 0.24 
NAWM (RC1) 0.16 0.0178 0.03 0.29 
WMH (RC4) -0.08 0.2335 -0.21 0.05 
CerebellumCortex (RC6) 0.15 0.0258 0.02 0.28 
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